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REMARKS 

This application has been amended in a manner that is 
believed to place it in condition for allowance at the time of 
the next Official Action. 

Claims 39, 42-46, 48 and 52-56 are pending in the 
present application. Claims 39 and 42-46 and 48 have been 
amended. New claims 52-56 have been added. Claims 1-38, 40-41, 
47, and 49-51 have been canceled. 

Claim 39 has been amended to recite "An isolated 
polypeptide originating from a malaria erythrocyte membrane 
protein of the sequence according to amino acids 1-415 of SEQ ID 
NO: 1. Claims 42-43 and 48 are dependent on claim 39. 

Claim 46 is directed to "an isolated polypeptide 
originating from a malaria erythrocyte membrane of the sequence 
according to amino acids 79-415 of SEQ ID NO: 1." Claim 52 is 
dependent on claim 46. Claims 44-45 relate to a composition 
comprising a polypeptide related to claim 46. 

New claims 53 and 54 are directed to a polypeptide of 
SEQ ID NO: 1. New claims 55 and 56 relate to a polypeptide 
having amino acids 79-415 of SEQ ID NO: 1. 

Support for the changes to the claims may be found at 
Figure 2c and in the present specification at page 13, lines 
15-20; page 15, lines 6-24; and page 28, line 25 to page 29, line 
5. In particular, applicants note that the present specification 
states at page 15 that the polypeptides of the present invention 
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comprise the amino terminal portion of SEQ ID NO: 1. As a 
preferred embodiment, the specification teaches that the 
polypeptides of the present invention comprise the Duffy-binding- 
like domain-1 (DBL-1) domain. Figure 2c shows that the amino- 
terminal portion of SEQ ID NO: 1 comprises 415 amino acids (79 + 
336) and that the DBL-1 domain comprises amino acids 79-415 of 
SEQ ID NO: 1. Thus, applicants believe that the changes to the 
claims are fully supported by the present disclosure. 

In the outstanding Official Action, claims 39-51 were 
rejected under 35 USC §112, second paragraph, as allegedly being 
indefinite for failing to particularly point out and distinctly 
claim the subject matter which applicants regard as the 
invention. This rejection is respectfully traversed. 

In imposing the rejection, the Official Action alleged 
that the claims were indefinite because they contained the 
abbreviation "DBL-1". As suggested by the Examiner, the claims 
have been amended to provide the full terminology for the 
abbreviation DBL-1. Applicants would like to thank the Examiner 
for her suggestion as how to overcome this rejection. 

Claims 41, 47 and 51 were rejected for reciting a 
"molecular weight' 7 . The Official Action alleged that it was 
unclear how the "molecular weight" was determined. However, as 
noted above, claims 41, 47 and .51 have been canceled. As a 
result, applicants believe that the present amendment obviates 
this rejection. 
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Thus, in view of the above, applicants believe that the 
claimed invention is definite to one skilled in the art. 

Claims 43-45, 48 and 50 were rejected under 35 USC 
§112, first paragraph, for allegedly not satisfying the 
enablement requirement . 

The Official Action alleged that the specification was 
not enabling for a pharmaceutical, vaccine or medicament 
comprising the polypeptide or any amino-terminal part of the 
polypeptide of SEQ ID NO: 1. At this time, the Examiner is 
respectfully reminded that it is a well-founded principle that 
any assertion by the Patent Office that the enabling disclosure 
is not commensurate in scope with the protection sought must be 
supported by evidence or reasoning substantiating the doubt so 
expressed . 

Indeed, as a matter of law, the expressed teaching of 

a patent specification cannot be controverted by mere speculation 

and unsupported assertions on the part of the Patent Office. As 

stated by the Court of Customs and Patent Appeals in the case of 

In re Dlnh-Nguyen and Stanhagen, 181 USPQ 46 (CCPA 1974) : 

Any assertion by the Patent Office that the enabling 
disclosure is not commensurate in scope with the protection 
sought must be supported by evidence or reasoning 
substantiating the doubt so expressed. 181 USPQ at 47. 

Such a standard must be applied with great care when 

the Examiner's conjecture is contrary to the teachings of the 

specification. As to the present application, applicants do 
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disclaim any of the previously recited utilities for the claimed 
composition. However, claims 43, 44, 45 and 48 have been amended 
to generically recite a composition. 

As the Examiner is aware, MPEP §2164.01 (c) provides 
that when a compound or composition claim is not limited by a 
recited use, any enabled use that would reasonably correlate with 
the entire scope of that claim is sufficient to preclude a 
rejection for nonenablement . If multiple uses for claimed 
compounds or compositions are disclosed in the application, then 
an enablement rejection must include an explanation, sufficiently 
supported by the evidence, why the specification fails to enable 
each disclosed use. In other words, if any use is enabled when 
multiple uses are disclosed, the application is enabling for the 
claimed invention . 

In view of the above, applicants believe that the 
present disclosure is enabling for the claimed invention. 

Claims 39-51 were further rejected under 35 USC §112, 
first paragraph, for allegedly not satisfying the enablement 
requirement. Applicants believe that the present amendment 
obviates this rejection. 

In imposing the rejection, the Official Action alleged 
that the specification was not enabled for a polypeptide 
comprising any part of SEQ ID NO: 1. However, as noted above, 
claims 39, 42-46, 48 and 52-56 are directed to a specific portion 
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of SEQ ID NO: 1 or SEQ ID NO: 1 itself. As a result, applicants 
believe that the present amendment obviates this rejection. 

Claims 39-51 were rejected under 35 USC §102 (b) as 
allegedly being anticipated by HELMBY et al . This rejection is 
respectfully traversed. 

Applicants respectfully submit that HELMBY et al . fail 
to anticipate or render obvious the claimed invention. In 
imposing the rejection, the Official Action alleged that HELMBY 
et al . would appear to disclose the claimed invention. 

However, HELMBY et al. do not disclose or suggest the 
sequences claimed in the present invention. Rather, HELMBY et 
al. disclose the isolation of small proteins, termed rosettins, 
which are surface antigens on P. falciparum infected red blood 
cells. The rosettins are, however, not involved in rosetting, as 
has been demonstrated in Fernandez et al. A copy of the 
Fernandez et al . article is enclosed for the Examiner's 
convenience . 

Indeed, on page 1394, first paragraph of column 1, 
polypeptides of low molecular mass are referred to, which have 
been identified in rosetting strains, especially rosettins 
(reference 16, the HELMBY et al . article). It is also stated 
that the polypeptides had a molecular size of less than 200 kD, a 
size distinct from the known Plasmodium falciparum erythrocyte 
membrane protein. Applicants believe that his additional evidence 
HELMBY et al. is distinct from the claimed invention. 
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Moreover, while the Official Action alleged that HELMBY 
et al. would appear to disclose the claimed invention, applicants 
respectfully remind the Examiner that this is not the standard 
for imposing an anticipation rejection based on an inherent 
characteristic. The fact that a prior art article may inherently 
anticipate a claimed product is not sufficient. Inherency and 
anticipation must be a necessary result and not merely a possible 
result. Ex parte Skinner, 2 USPQ2d 1788 (BPAI 1986) . As the 
Official Action does not present or cite to any evidence that the 
HELMBY et al. publication inherently teaches the claimed 
invention, applicants believe that HELMBY et al . fail to 
anticipate the claimed invention. 

In view of the present amendment and the foregoing 
remarks, therefore, applicants believe that the present 
application is now in condition for allowance at the time of the 
next Official Action. Allowance and passage to issue on that 
basis is respectfully requested. 

Please charge the fee of $352 for the four extra 
independent claims added herewith to Deposit Account No. 25-0120. 

Respectfully submitted, 
YOUNG & THOMPSON 

al ls a ^ ^ 

Philip A. DuBois . , Reg . No" 50, 696 
745 South 23 rd Street 
Arlington, VA 22202 
Telephone (703) 521-2297 
Telefax (703) 685-0573 
PD/lk (703) 979-4709 
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APPENDIX : 

The Appendix includes the following publication: 

Fernandez, V. et al . , "Small, Clonally Variant Antigens Expressed 
on the Surface of the Plasmodium f ale Ipa rum- in f ected Erythrocyte 
Are Encoded by the rif Gene Family and Are the Target of Human 
Immune Responses", J. Exp. Med , Vol. 190, No. 10, November 15, 
1999, pp. 1393-1403. 
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Small Clonally Variant Antigens Expressed on the Surface of 
the Plasmodium falciparum-wtected Erythrocyte Are Encoded 
by the rif Gene Family and Are the Target of Human 
Immune Responses 

By Victor Fernandez,* Marcel Hommel,* Qijun Chen,* Per Hagblom,* 
and Mats 'Wahlgreii* 

From the 'Myology «4Hm»r &ol m On«C Koroliusk* ***** end tht Swttoh 

Jni Irfcxious Stem Unrpocl School of Tropical ***** U*<10>\ L3QA, IW Kingdom 



Disease severity ia Pksmod.um falciparum infections is a direct consequence of the parasite s efficient 
S tfthe^efense siec faJLi "of die human hose To date, one parasite^errvod molecule, the 
SiSy va^tadherin P./o^m erythrocyte membrane protein 1 (PfEMPl), * known «, 
Z^M^T^ i-&«-d erythrocyte (pRBC) surface, where it med^ bmdrng to ddamt 
W^nSrT Here we report that multiple additional proteins are expressed by the parasite at the 
S S " ^cer of clonally variant antigens of 30-45 kD We have found 
rS anS^'bSndcal^ the rinns, predicted polypeptides encoded by the rif mutagene 
iSTptSL produce, formerly cafled rosemns after rhrir idendfi^tion in rosetttlg para- 
£TL pro roLntly expressed by fcesh isolates of P. falciparum. fUfins are immunogeruc a natund 
Scdor^ and^«aiA-7ecifically recognized by human immune sera in nxnnunoprcap^non 
of Lface-kbeled pRBC extracts. Furthermore, human immune sera ^^na pRBOi Rested 
SdWb at conditions such that radioiodinwed PfEMPl polypeptides are not detected but nfins 
Z dS, suggesting the presence of epitopes in rifins targeted by agglutwnng ^bodies 
men a^dS^oimerLional electrophoresis, me rifins resolved mto several isoforms in the 
^rfSS. indicating molecular microheterogene^y, _1?~S 
of antSenic diversity in P.fakipswm. Prominent porypepndes of 20, 22 76^0 140 and 170 kD 
^Xdetected on the surfaces of pRBCs bearing in vitrc-prop*gated or field-^okted parasites, 
r^repor^wc describe the rifinsf the second family of clonally variant anugens known to be 
displayed by P. falciparum on the surface of the infected erythrocyte. 

Key words: J? falciparum • surface antigen ■ n/gene family - antibodies • strain-specific 

X he morbid^ and mortality associated with ^"T^f £2yXS 
1 falciparum malaria infections occurs exclusively during ^ SU rfece a/the para- 
ge erythrocytic phase of the parasite life cycle Stra eg.es _ riBB j aiped ear l y f orals into the pig- 
used by P. JUdpanm for mwdmmns survival and probfera- "t^^^^^ wkh die onset of 
rive capacity in the bloodstream mclude me receptor-medi- mented ^troptto «g, , 

aced sequestration of P. Recced erythrocyte. a ^J*Kn^ tone response in natural infec- 

(pRBCs) on me vascular eadotheEum and the cons^n t van- Sadies £ ^ ^ Kem£ of an __ 

adon of antigen* epitopes on d»JRBC sur&« to v de ^^^^X'infected erythrocy.es (6-8). Al- 

antiparasite mechanisms ^.^^^^^^ Lugh sera from individuals with a history of exposure Co 

A polypeptide exported by the parasite to the ^ antibodies that react with epitopes 

of the P R3C membrane, the 2 %£^*£g££. ^red by rn^ny parasite isolates, the bulk of the natural or 

erythrocyte membrane protein 1 (PfEMPl), 1 a a cytoadher ^^^/^ duced rcSpot _ e t0 surface deter- 

_____ minants on the pRBC is strain/clooe specific (9, 10). The 

uu.rt.tb" — i» An hp* CHO. Chinese ham*** cvaiyi HUVECs ^ P £EMP1 has been postulated to be the sole 

hurou. um*Ui_il veto endoAdid c*tti! PBCAM1, phtdet/endocheUal ( for ecific ^dbodies that agglutinate pR£Cs and 

cell adhesion meleaule 1; P£EMP1, P. fiUfinn etyd>rocy« m<_obwne ptocecdoo against clinical disease (11,12). 
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dene or strain* ^ fn^td i^y^ » character^- 



Materials and Methods 

- . j <;„.„ The P. faWpfliKf Enes FCrUS/b ps. J ana 
Par*.** W S™- The J jp itss F CR3S CK ) 

FC R3Sl/b (JC-) were ^cred fro^p^ ^ ^ 
FCR3S1 (K-), respectively for ggg^-j ^ obtained 
receptor on C32 - e ^^on Sf^seUg P*^ 
from FCIUS by repeated x 4^ b y limiting 

„ described elsewhere (18). JX. FCIO strain 

luuon from wfcch FCR3S1.2 

isolated in The Gambia, Arnc*- l£om*aip^°° frojn 

FCR3S1. Clones ^*^^^M at*) TM284S7 (K"). 
TM284S9 ai^ TM28«l ; ^ 
n^nipuladon from ** malaria pMienrs in Thai- 

tod. The P32 stnun was aoUted m ™™ *» isolate NP54, 
was obtained by Ummng dOnaon 0 ta ie 

which was derive torn a patient who ac^nre ^ 
^on area in Amsterdam, T ^* e Jf ^ smin se le«ed for 
SLd from rroB- > ^^J^w* origin cloned 
the resecting pheaocype. Pf^LV III isolate. The P.fild- 
from the MOT Jne ^WJ-JJ 354 were pare of a 
jjarww isolates 166 199. 34V J*'._ J • ^ ^dreD in- 
Lget pane! of field p««« WMe 
^ed with malaria. Upon ^"^^q^For their 
immediately fro«n wcorf-g » ™^J td J mailed in 
atfya.. the frozen blood •J^?^™ tf parasi tc, developed 
culture in their own blood for 24-30 h unoi^ ^ ^ 
law the mature trophozoite stage, » wluen dxu 
vested and farther P~f^ ^ Uv ^ m y e kepa, Liberia, 
Sera were collected fern ^^^mission (de- 

an area characterized by ^ P^f?69 V74 179 198, 241. and 
Toted 022, 102. 119. ^^/^^Jon with seasonal 

368). (b) ^fr^^^o^O^d 136). ^ » 
^33^ aansmusion (defied 0 /Z, iuu ho- 

tea H! yr old living ^ Sarad^. ' ^foS 1 18, and 209). All 
heroic for n^aCder^l ^; ^ ^ ^ of 

donors bad bad repeated malaru atuc«. infotmed 
d^cal malaria „ ^^^S^cAS parents. The 
rwtr^^O^an! heat inactiv.ted at 5 6«C before 



Ac assays- Control sera were obtained from healthy Swedish blood 

donort. f . jaboratory-adapted parasitei 

Cw/wrt of Parent*. AB of he _ a x 

US6 d in Ais study were ro the malaria 

type CB-*> - st^l '^dinad 0 n of pRBC. was 
S,/^te^^'sefP^^ ^*^ a , 251/H , 0 , method under 
performed by ^^^^^ s . irTbrief, 2 x W ceUs 

T^el V^pSSS^ a ^ority of parasites in the 
of a culture at / p . . d re5V ,spended to 

tropho^ite stage were geniK; » ™, (Affle rdu«) and 

1 ml in PBS plus 1 ^ ^ ^ cl ,Lical Co.) was 

100 uJ of 2 rne/nJ U«op«^ e addition of 25 id of 

S dded. and the reacnon was m^red ^by tt« 

0.03% H.O, Four -^^^ d S^d cells were 
were adrmrustered «_t«m cont3illing 5 mM KJ and 

WM hcd four .^^^^40 plus 5« sorbhoL Labeling of 
resuspended m 1 n>l ot WJ'N" ^TZ. <2 % of total aeid-pred]>- 
^cellular J^^LSST^ ^^^^t 
table woorporatcd r^o^el, ad(Jf £ „ ^ ceU suspension. 
1O0 IU/ml of hepann ^ervena; „ (0-6 

itim inter- 

this was passed fiv et*ne, ^ n suspeDsion 

na) diameter) needle using a .1* pere(:)11 

^^ J S^tSra i ti^ ^ . JA 20 rotor 
gradxent in ICPMl/5% sore fcr 30 ^ a t room 

Ped ^S^d^b > e^e3e S and 60H Percoll Uyers 
tanpaxarure. Cells uoa^g erythrocytes) were recovered 

p»95V. irmture P^ l ^r n ^ n ^ ed p RBCs were first e*- 

nacted with 1% J nt °^ n !f. N 20 |JL -/au leupeprin, 0.7 «/ 

ml pep5tann. 0.2 rnwi ^^f' % g ^ protease inhibitors 
qJUy e^cted in • ^tS^lubTc fraction W ere 

in PBS. The P°^^' ? E bUer and separated by z 

5S * PW»Wr ^ Ima.eQuant 

^ds software CMoUcu^ r>^ C s). rf 

^dioiodinated pRBO (25 Hfl^^g ^ feodiun, EDTA. 
(50 mM TOb. 0.02* sodium a,ide, 

Chemical ^.^^^J^LaWed =^ * e 
^ W1S ^ t foA" h a°4°C -ritb rotation. Protein A-Sepbarose 
were incubated for 12 h at ^ '-wm. Q /fflJ Ige .fre e 

(100 Ml of .50* ^~^Sfi51; Abated for 1 h 
BSA) was added, and &e samples ^'\^ nt ^ ^ w^d 

" 100,11 Tf^Tf X^th 1 snl of NBTT/0.35 M 

described »bove. sP «B C w aQS . intact or radiolabeled 

Trtfii" Tre.ttioK were digested with rrypsin 

(Sigma Cherrucal ^o.J « rton ^ te rrniriared by 

Table D fa "I™ ^J^'S^ (Sigma Ch^cal 
^.^^rnlltp^°16^ AB + .elum. Celis were 
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with PBS and either suspended in RPMI-HepeV10% 
SfSrSteS-Jtag and asgludnarion assay* ""^^ 
TrLrSoo/SDS and analyzed by SDS-PAGE as ascribed abovc^ 

D jSd red blood cells wr, assayed as prev.ously 

^T^Z modifications. pRBCs cultured to trophozoite and late 

£ rnTuntd on a rfL. slide, and 50 cousecudve 

£L ^rarnined diagonally using a 40X lens m an ««^«J^ 

£ rSc^pe.^rrol from healthy Swedah U°£do«« 

Xe u.ed. Seiniquantitauve scoring was used for analyse. The 

iXdntdo- assay was scored negative when «» 

Si were dUted; 1+, 1-S of 4-U 5 pRBQ. 

2+ >5 agglutinate, of 4-10 pRBQ or 1-5 a^lnnnates ' 

„™ ef >20 pRBCs; 4+, >S agglutinates of >20 pRBCs. 

Ce oSScsTunfeed C32 melanoma cells, *>««*i*gg 
vS> endothelial cells (HUVECs), Chinese hamper ^££°> 

sion was overlaid on a four-step (40. 60 ^^J^^ „ 
^A\t^t. and the crophoaoite-beanag «d cells were ssiecreu .u 
SS^ovt, waied twice in B*MI, and used for the assays 

" S S X— • •Theassayof.hebindinsofh™ 
^rtinSurTnorrLal Swedish serum l & » pBJCs was 

labeling of the cells using FITC-conjugated sheep anta 
ZZl l^o^ (State Bacteriology Laboratory. Sweden) as 
described elsewhere (22). 



Results _ - 

w £haW ed. and the cells were maintained » culture tor 
lo h TnTintU cells were mildly radioiodinated undci rcon- 
dTdorl ensuring >98% isotope incorporation to surface- 
SSd molecular moiedes. and fc tt*4p*g 
w?re analysed by protein gel electrophoreses. In all srx iso 
^S^vdoped into the mature stage*. 7= , foun ^ " 

wii an estimated molecular mass between 33 and 3 9 kD 
^fw^re readily labeled on the surfaces of erythrocytes 



not on the ring-infected or uninfected ICBCs ftora the 
same blood sample (Fig. 1). The number. and degree 
of radiolabel incorporation of these polypeptides was loan- 
able and essentially unique for each folate. .Typic^Y; ■** 
Sgest of these bands (39 kD) corniced with the heavily 
raloiodinated monomer chains of erydorocyac glycophonn A 
Sd was therefore oft., indistinguishable fr°^e l^c Pro- 
«m. One to three additional labeled P<^^ to . f^JJf 
ir^e formed a characteristic duster of bands W1 th isolate- 
specific patterns. We then proceeded to suudy the pRBC 
surfaces of 17 strains, lines, and clones of P.^^r«« and 
found that radioiodina-table polypeptides m the range of 
30-45 kD we commonly exported and surface orgf*",* 
bv a maioriry of these in vitro-propagated parasites (Fig. 2. 
2o Tl« number of bands and their relative relabel 
intensities ^as specific for each parasite. As determined I by 
SioiooWion experiments with highly synchroruzed col- 
cuS the expression of the 30-45-kD polypeptide cluster 
Se pR^C surface occurred from 16 to 18 h after rnva- 
sion unnl the end of the erythrocytic cycle (data not shown) 
matching the time course of " BU f mC ft S? 
^esivTphenotypes and the onset of PfBMPl on the pRBC 
These VolyP^deS were parnally ^lub^d * 
Triton X-10O. in conrrast to the extreme auolnbitey rf 
p£nD?1 in nonionk detergent. Addidor^ i paxasite-specrfic 
radiolabeled bands were deteaed on pRBCs infected with 
some of the padenc isoUtes or laboratory-cultui-ed parages 
(Fig. 1 and Fig- % A-C). A 20-kD band was d 
LoL 199, whereas a polypeptide of 22 kD was ra^okbded 
in isokte 347 and the: strain Dd2. Faint bands of 76-80 U3 
were visible in several of the in vitro-propagated parasites, 
Td a Xep^e of 140 kD was detected in TM1 80, a stram 
ako Several smaller (33-39 kD) polypepades. Most 
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Fl.mr* 1 N 0V «1 variable antigeftS expressed on the surface. »f erydiro- 
S^harborinE clinical isolarei of P. falciparum. Pro«n blood S^pk, 
21™ ST^adena »e« drawed, tnaintained in eulmr* uncJ *e dcvel- 
from rad ,ut» e q Uen tly sur&ce-radioiodmated as 

Khiwru Jtages were sepatwed 6»m ring-Anfeered aad Aonm- 
ftetd^Us (SS irT« CO ll/«»rbitol etadients and detergenc exLrae^d, 
rSilSS* fco* 0 ™** b > SDS-PAGE. McJec»l»r size, 

and the polyp juwlogous TU3Cc were always run in 

Lc indfcUd by ^ccn^ (<4S kD) or d«-d arrowKead* kD), 
p£EMPl polypeptides arc net indicaced. 
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a- cn-m^lv radioiodinaced band of 170 kD 
rT^STe °S3*taa. (199 and 341) and 
T^ 2 Twl 2 «X TM284 and sever* of its clones 
rSS28«2 "iowiO- None of these polypepfcdes 
(only T»Q^ J MphozOite/schiK.nt stages 

*SJ£S2^^ before par " 

nourosenmg (K J Cionc* f v , , ■ the of 

stowfc ir q r w £3Sf^SS^ *■ **• 

33-45 kD and no detectable Jr-uyvirj f l pffiMPl 

resuJt ^ consent with die reporte d r ^ 
mis r»ui i5 n Moreover, the data strongly sug 

is sheeted to cW gcneoc etching CP* 2 B>- 



To investigate the stability of npraeon of The imd , sur- 
fj aSgens to populations chat were or ^ere not 

SoSd to selective p^surcs other than those rnherent to 
ex P. we i»i-la.beled pPOBCs periodically col- 

EcS frfm^ong continuous cultures of FCR3S1, 
Sied Jth rcguli enrichment for the <~"**£3£ 
and the Dd2 strain, cultured ™hout selection but dos- 
rates cons*tendv >«*. 
P ^if " * r^he tvoe of radioiodmated polypeptides ot 

« assessed s at least 10 separate eapenmow of surface la 

been sporadically observed in some cultures. 

We noticed that some radiolabeled bands * 

duter appeared characteristically dispersed (Fig. 2 B . This 

£SS Pronged u, to -'^^7^^ 
Heterogeneity not discerned in regular SDS-PAGE gelvA 
SStnsfonal electrophoresis analysis of an SDS e*£« 
rf°FCMS1.2 pRBCs (the onc-d^on* SDS-PAGE 

_ rt j 4,;. narasite is shown in Fig- 2 B) leveaica w 

^e-radioiodinated polypeptides (fig. * A and B^ The 
parasite-specific bands of 35 and 36 kD ^oKed into sev 

*^ ;;^rn m dS K 11 ni 5 ; 

SSSV^SS^cy- surface, deluding the 
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Band 3 fcggrag.) 



j Band 3 
fGpA(dimera) 



■ * -in-iS-VD cluster exhibit charge and 
Pigt^c 3. Small m^^5 kD^ wcre aurfc£C 

size microhetcrcgcneity. (A) f ^^ f ; pai ePJBCs wcrc separated and 

processed as doeirtcd an Matenali and ^wmo «^ d oUC „ 

Of eke Triton X-iOO/ur^-xcc^a^d I SDS «£<^ facdotfue* 

by SPS-PAG* m a 7 ;^ 17 l 5 ^^^ o 5 ^ pcci 0c nrfu* antigens, A- 

«K^2?E K - — - 

pH gradient after isogenic fociMing. 



^glycoproteins, gjyeophonns A and »-^ ao " , 

surfece-rtdioiodinicable anngeus of FCR3S1.2 or any oca 
snain/ done rested. in rluster Are Identical 

Swll SuficcAnUgcns in to 3 ™}f a ^Jp % parU rn 
U Predicted Proteins Ew>dtd by the nf Family oj 1 
r ll As owt of the P. falciparum genome sequencing 
pto ec, i SSer of intact ^-^SaTe 
interspersed Eanuly; reference to) 

ceins of 30-40 kD cermed nfins. wc procecaea w 
3 397 Fernandez e: al. 



k ^Aieed amiDO add sequence of n/ genes FrBlUWw, 
OTmSS ™W0c and PFB0955W were used to Unmu- 
Jrfi^Ue SDS extracts of surface- or metabolically la- 
S 5 thTFaOSl-a clone. Antibodies in three 
t Really «CO^d * C s^suxjee 

on che P R3C surface are prod. 

JeT We nexc investigated whether the expression ofnfin 
nroteins on the pPJ3C surface was associated with rosecong 

S^d surface radiolabeled pRBC. m * + ? d \v «£rc- 
^« rlaned bv limiting dilution ind subcloned by micro- 
SiSSSrPlb. rosertiag done FOUS1. 
I f mp - rT , 3S bv Wudne dilution, consistently showed 

f^Spoh^ae^s *d. 

autoaggiud^rifls, and cytoadherenr subclone FCR3S1.Z. 
3 from FCR3S1 by micromanipukuon, expressed 
SSkW bands of 31, 35. and 36 ^""f = 
nonrosetWig, noncytoadhercnt sibling subdone FCRjS1.6 
onlySfed theT 9 -kD band, a polypepude t gn» ;found 
on pRBCs infected with parasites of the FCPJS kneage 
1T B1 Ttese preUminary results were suggestive of an 
ScitSn he^« rhe rosetdng capacity of tne paras.te 
A^l ^coressioa of particuJar rifin variants on the hosr 
^ J , icWon was not observed when a 

*££*U ^ - defied 
" jm —i,. Parasite clones with phenotype P, denvea 

ioTthe^eSstrain TM284 (only TM284S2 U shown 

W> did aoTSpUy radioiodinacable polypeptides of low 

SaS/S fFiS- 2 Q- However, polypeptides ouiaide d»e 
dSSS S-t were associared with rosetang 

2!L iTrM284 parasites. A pronunent surface-labeled 

SSXiSl..* • ****** ^nd 
j^^n^l 82-kD polypeptide were detected in TMZB4 anc 
^1 ofia R + donesbut were nor or were very feindy de- 
cecced hiR-" cl^es (Fig. 2 C). In FCB.3S and TM284 par- 

cSefin the exprsssion of PEEMP1 polypepndes (data 

^CoSed protedytic digesdon of inract radioiodinatcd 
dRBcTwm ^ed to further explore possible woaabotui 
E^SnX expression of surface antigens and bindrns 
pEyW Upon incubation of svirface-rad^iodmated, 

deletion of die 3S-kD rifin band of FCR3S1 occurred at 
concentracions of che proteass of 100 ^g/ml or higher 
(Z % The 39-kD polypeptide of this parasue showed a 
Educed sensidviry to die protease. In companson. th« 
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Anxjsera to peptide 

, TlWLYKtt-RKKSWiaiECKXHLST 



Figure A . Recognition of chc small luriace antigens 
in the 30^5-kD cluster by antibodies to rif gene-pre- 
dicted peptides- (A) bnmn n opr cripicarion of [^TJNa 
sutfece-kbcled SDS extracts of FCR3S 1.2 pRBCs with 
either hum&A immune sera (no. 179) os- fabbii aauaera 
raised to the 3' conserved end domain of the indicated 
tif genes mappiag cq dwrorDOSOme 2 Of P. fddpanmt 
main 3D7 (24). (&) Ixnmunopredpiiation Df [^S] cys- 
teine arifitabolicalrj' labeled SDS extracts of FCR3S1.2 
pRBCs with rabbit serum and-^-predicied peptide. 




rif gens 

VfB 104 for 
PFB 1035w 

pre ooaqc 



235-kD PfEMPl polypeptide expressed by FCR3S1 was 
cleaved ax concentrations of trypsin <1 |ig/ml, in agree- 
ment with our and o there' data on the high trypsin sensitiv- 
ity of most PfEMPl polyp eprides. The proteolytic treatment 
left the hulk of Triton X-lOO- aod SDS-soluble polypep- 
tides unaltered, with the exception of the glycophorias. 




Rosetfng : ion sa 9i - 

t?4 of conlnSJ) 

CD31 Adhesion: 100 losios 9B 43 n — 
(■A or comml) 

CD36 AdhBsion: 1 DO 57-103 11 2 3 — 

(% d COTtmt) 

Figure 5. Trypsin sensitivity of ri&tf snd binding phenotypes- tas I-lflbeled 
pRBCs containing FCR3S1 parasites at (he trophozoite Stage were digested 
for 10 min at 37°C at che indicated confentranons of enzyme, Tbs Tricon 
X-10CHiwoluble fraction was analyzed by SDS-PAGE in a 7.5-17.SH 
gradient acrylHrnide gel. Treated cell* wt-j-e washed in PBS, resuspended 
in ctJtare medium supplemented with 10% AB + serucxi, and either mixed 
with uninfected RBCs of the bJpod group O at a final hematocrit of 5% 
and allowed to reform tosccccj for 45 nun ov essayed for cyco^ihetence 
on monolayer! of PECAMl/CD31-traiuffieted L cell* or CHO cell* 
transferred with the CD36 receptor, as described in Materials and Meth- 
ods. Rj^uIk represent the mean of three experiments. 



The sensirivity of che resetting phenorype to trypsin diges- 
tion of intact pPJBCs closely matched that of the PfEMPl 
protein, but not the removal of the 35- or 39-kD rifins 
from the pRBC surface. Similarly, the trypsin sensitivity of 
other adhesive phe no types of erythrocytes bearing FCR3S1 
or its clone FCR3S1.2, such as autoaggjuthiation of in- 
fected PJBCs, binding to the blood group A trisaccharide, 
adherence to the CD 3 6 receptor, and binding of normal 
human Igs paralleled the cleavage of PfEMPl (data not 
shown). In contrast, an association was found between the 
deletion of the 35-kD rifin polypeptide and the abrogation 
of pRJBC binding to PECAM1/CD31, expressed constitu- 
rivefy on HUVECs or L cells txansfected with the correspond- 
ing gene (Fig. 5). 

The lack of association between the expression of non- 
PfEMPl antigens on the pRBC surface and adherent phe- 
no types of the parasite, with the exception of binding to 
PECAM1/CD31, was further evidenced when wc panned 
the rosettibag FCR3S and FCR3S1 parasites on C32 mela- 
noma cells expressing the CD36 receptor. The resulung 
highly CD3 6 -cyto adherent, nonrosetring parasite lines ex- 
pressed different patterns of surfacc-radioiodxoacable polypep- 
tides, 36 and 39 kD in FCR3S/b and 39 kD in FCR3Sl/b. 
Polypeptides of 39 kD were also detected in no ncyto adher- 
ent, norirosetting parasites (Fig. 2 B). 

Immune Recognition of Variant Rjfin Aniigeru- To assess the 
natural antigenicity of ri£n polypeptides, we initially tested 
two human hyperimmune seta in imnaunoprecipitation of 
SDS extracts of surface l25 I-labeled pBJBCs of the FCR3S1.2 
clone. Antibodies in these two sera recognized radioiodiriated 
ri-fing of 35, 36 (doublet), and 39 kD m addition to PfEMPl 
(Fig. 6 A), Rabbit annsera raised against GST fusion pro- 
teins comprising the semiconserved DBL1 and the highly 
conserved ATS domains of the f ar/FfEMF 1 expressed by 
FCR3S1-2 immunoprecipitated PfEMPl polypeptides bux 
did not react with r£f gene products. Having obtained the 
first evidence that ri£n polypeptides were naturally immu- 
nogenic, we next carried out an expanded analysis of-the 
antigenicity of these parasite products in natural infections. 
For this purpose, we used a panel of 18 sera from malaxia- 
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FCR3S1.2 
Agglutination : 




+ + + + + 



Figuxe 6. Naoinl ifldgeiuri* and viable ® ,?r£?Jri' Dn i«v e d DBL1 »nd ch e conserved ATS demain: ,cf d» 

i richer human immune sea (noS- 164 md 179) or nita Xfl^di^M »nd assent of agglucaudug "parity Uy in from ^vTcto- 

^S?SSWi3r SSt^SsSiSk of^^d ^ of,— FCBJS12 md TM.84 „ - 
Fig. 2, B and C. respectively. 

fold less sensing to the protease than the radioiodinated 
P£EMP1 of this parasite, which is no longer deleted after 
digestion wiih 1 i&wX trypsin Antibodies in immune sexa 
JgudnW trophozoite-b earing pRBCs digested w4 1, 
10 or 100 |Xg/ml trypsin before incubation with antibody 
(Table I), suggesting the presence of epitopes in lifias tar- 
geted by surface-reactive, agglutinating antibodies raised 
during P. falciparum infections. 

Discussion 

In this study, we show chat the vast structural and anti- 
genic variability created by P. falciparum on che surface of 
the hose erythrocyte has its molecular basis not only xn the 
PfEMPl polypeptides, encoded by the iw family of genes, 
but also in multiple additional parasite-derived products, 
including a prominent group of relatively small antigens 
encoded by the family of genes. These polypeptides are 
elonaUy variant and may undergo posctranslaaonal modifi- 
cations resulting in molecular microheierogeneity, a con- 
ceptually new source of antigenic divensiuy on che pRJ^O 
surface (Fig- 7). , 
Besides che variant adhesin PfEMPl, several undefined 
polypeptides of 20-55 kD have reportedly been detected 
on the surfaces of erythrocytes infected with mature stages 
o£ P. falciparum (IS, 17). In each case, the detection of these 
polypeptides was performed after kctoperoxidsse-catalyzed 
iodinarion of intact infected erythrocytes, a procedure used 
for the radiokbeUng of exoftcjiuly exposed proteins on cell 



experienced individuals living in different geographical re- 
gions of Africa (Kenya, Liberia, and The Gambia) m assays 
of immunoprecipitadon and agglutination Of FC.KJS1.^ 
and TM284 parasites (Fig. 6 B). Most of the sera nxmuno- 
precipitatcd one Or more radioiodinated rifi* ' P ol JPJP«^ 
£ the range of 31-39 kD. both in FCR3S1 2 and £M2B4 
parasites. Qualitative variation was observed in the anti- 
genic P"tem recognized by different sera in each parasite » 
result consistent with the extent of the rif gene repertoire 
and the switching in expressed rinn types. At the same ame, 
sharing of epitopes between parasite^pecific variant forms 
of rifins was suggested by the corresponding reactivities _of a 
parity of ^dividual sera to die 36-kD doublet of the 
FCR3S1.2 parasite and the 39-kD band of the 
ares,^ anticipated ifconservation at die 5 and 3 ends is a 
widespread feature of rij products. The major radioiodi- 
nated 170-kD polypeptide of TM284 was not irr^unopre- 
cipitaced by immune sera. The PfEMPl polypeptides of the 
two parasites studied were recognized by all of the sera ex- 
cept 72 100. and 136 (data not shown). The agglutination 
of trophozoite-bcaring pRBCs by die immune sera was 
generally, but not stricdy, correlated with their capacity to 
jmmunoprecipitate the small surfaee antigens. 

To study the relative contribution of surface-exposed 
epitopes on rifin and PfEMPl antigens to the agglutination 
reaction, we took advantage of the differential sensitivity 
that members of these two protein families display ^ con- 
trolled trypsin proteolysis of intact P RBCs. Pufin polypep- 
tides of the clone FCPOS1 (35 and 39 kD) are at least 100- 
1399 Fernandez ct al. 
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Table I. Readiviiy of Malaria Immune Sera with Tiypsin-samuive 
tfrtrf Trypsin-raistanr Antigens on rhepRBC Surface 



Agglutination* of trypsin -digested pRBCs* 
(p.g/nil trypsin) 



Sera 


0 


1 


10 3 00 


011K 


4+ 


44 


3+ 1 + 


022L 


1 + 






08OK 


4 + 


4-f 




llfiK 


1 + 


1 + 


1 + 


119L 


4+ 


3 + 




142L 


24 


1 + 


1+ 1 + 


163L 


4 + 


2-r 


2+ 2+ 


174L 


2+ 


1 + 


14 


241L 








Antigen 


Amounc deleted on pTLBC surface 5 










PfEMPl 


100 


0 


0 0 


39-JcD ri£n 


100 


97 


71 65 


35 -kD rifin 


100 


74 


37 15 



'Agglutination of cxophozoini-coxi coining pRBCs after incubation for 
1 b 4t 37°C "with 1:2 dilution of sera from demon from Kenya (no*. 1 1, 
80, and 11B) or Liberia (nos. 22, 119, 142, 163, 174, and 241). Agglud- 
nition was graded as described in Materials and Methods. 
± FCR3S1 pRBCs were incubated with enzyme « 37°C for 10 min, 
5 The amo wf of radi o i "^ - " 3- ^ anngen was estimated by Phosphorlmagnr- 
asdstcd qiianrirarion of cpm in the corresp on ding 5D5-PAGE b a nd s. 

plasma membranes (25). In our analysis of parasite-derived 
molecules exported to me host cell surface, with a focus on 
products different from WFfEMPl, we have studied 23 
clinical isolates, lab oratory- adapted strains, and lines or clones 
selected for binding phenocypes, including roserring and 
adhesion to the CD36 receptor. At least 12 polypeptides, 
tanging in size from 20 to 170 kD, were identified by mild 
radioiodinadon of intact trophoaoite-b earing erythrocytes. 
The most common arxd prominent of these products, both 
in fresh clirp r ?l isolates and long-term— cultured parasites, 
were detected as a distinct group or cluster of bands in the 
range of 30-45 kD. The large family of rif genes and its 
purported subfamily stiver, encoding potential transmem- 
brane proteins (rifins) with a predicted sifce of 30—40 kD, 
has been recendy identified in P. falciparum (24, 26). The rif 
genes have a two-exoo structure, with the first exon coding 
for a predicted signal peptide and the second for polypep- 
tides containing an extracellular domain with conserved 
cysteine residues and a highly variable region, a transmem- 
brane segment, and a short cytoplasmic tail that is highly 
conserved. According to preliminary estimations, there may 
be 200-500 rif genes in iht P. falciparum genome. At least 
some of the rif genes are transcribed in blood stages (24). 
Our finding that rabbit antibodies raised to the conserved 
basic COOH ceiminus of rifin-deduced amino add sequences 



specifically immunoprccipitate surface- or metabolicall 
labeled polypeptides of 30— 45 kD indicates that these and 
gens are the products of the presumably most abundac 
gene family in P. falciparum. 

A salicm feature of rjftrt polypeptides is their variability 
in size as weU as in the number of distinct componencs ex 
pressed in different parasites. The capacity of P. Jalriparuti 
to undergo clonal antigenic variation has been establishet 
(27, 28), and the switching in the expression of different vq 
genes, or their product P£EMP1, is correlated with clona 
changes in surface antigenic deterrninants of the pRJBC (3) 
Rifin antigens axe clonaDy variant, as the analysis of clonei 
and subclones of TM284 and FCR3S1.2 parasites demon- 
strate. These variable products, which are partially solubilizeo 
by neutral detergents (e.g., Triton X-100) but require 
treatment with 1—2% SDS, conditions that disrupt the host 
erythrocyte cyto skeleton for complete dissolution, are trans- 
ported to the plasma membrane of the infected RBC and 
exposed on the surface according to several criteria. They 
arc (a) readily and consistently labeled by the lactoperoxi- 
dase/Na l25 I/H 2 C>2 method under conditions that fail to 
label hemoglobin and (b) cleaved by trypsin treatment of 
intact infected erythrocytes under conditions that do not 
cleave any other RBC or malarial proteins, except glyco- 
phorin polypeptides and the PfEMPl antigen. 

It is unknown how rif gene expression is regulated. The 
clusters with varying numbers of radiolabeled bands detected 
in freshly isolated as well as in recently cloned parasites may re- 
flect, besides several other possible explanations, (a) the non- 
clonal composition of the parasites (29, 30), (b) posttranscrip- 
tional processing of the product of a single gene, Or (c) the 
simultaneous expression of several rif genes. Implicit in this last 
alternative would be a partial lack of allelic restrictive processes 
(e.g., allelic exclusion) controlling the expression of prod- 
ucts from the rif loci. This is in contrast to the "one para- 
site—one gene" modality of surface protein expression in 
the tw/P£EMPl naulrigene family (31). The finding of micro- 
heterogeneity in the rifins could be explained by the concur- 
rent expression of several rif genes encoding polypeptides of 
similar molecular mass. Alternatively, superimposed co the 
variation created at the pRBC surface by the display of pro* 
teins compnsijng semivariable and hypervariable regions, e.g., 
tw/PfEMPl, additional layers of antigenic variation could be 
generated in asexual stages of P. faldparum by the addition of 
carbohydrates, phosphate groups, or perhaps unusual modifi- 
cations of polypeptides targeted to the erythrocyte surface. Ex- 
amples of posttranslationaJ modifications modulating the 
surface architecture, and likely the survival/ virulence of 
pathogenic microorganisms, are the glycosylation and glycero- 
phosphorylation of antigenically variable pilins in the prokary- 
ote Neisseria species (32, 33) or the glycosylation and palmitoy- 
lation of the variant surface proteins of the eukaryotic parasite 
Gi&rdia species (34). Analysis of the rif gene amino acid se- 
quences available co date reveals numerous and relatively con- 
served potential sites for O- and AT-glycosylati on- 
Allowing for the limited number of clinical isolates in- 
cluded in this study, it is interesting to note that rif gene ex- 
pression is detected as prominent bands in each of the wild 
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(D Post-transiational 
modifications? 



fg^RIRNS 
rif($tevor) 
200-500 genes? 




© PfEMPI 
var 

-50 genes 



(4) Unknown 
antigens 



Figure 7- Antigenic diversity 
on che infected erythrocyte sur- 
face. Sources of che structural 
variation created by P.^iloponw 
on in host cell can be: (1) che 
huge variant antigen PfEMPI, 
encoded by the gene &XK#y far, 
with ~50 genes per genome: (2) 
the small antigens rinns encoded 
by the mulagene family rif, also 
termed sievor (200-500 genes) 
(Che location of these produce at 
knobs is cot presently estab- 
lished); (3) modifications (not yet 
defined) of the translated poly- 
peptide fe ml ri n g in fiatcher layers 
of molecular microheterogeneyty; 
or (4) additional parasite antigens 
transported co Che pJOSC surface. 



parasices examined but absent or faint in some of the strains 
or parasite lines that were long-term cultured in the labora- 
tory. Chromosomal truncations, resulting in gene deletions 
as well as gametocyto genesis and cytoadherence phenotype 
losses, commonly occur in P. falciparum propagated outotr- 
ically m vitro (35-38). The functions) of the variant rifin 
antigens being unknown, it is likely to be essential for sur- 
vival of the parasite confronted with the host's environ- 
ment and defence mechanisms but not indispensable for in 
vitro growth. The variant nature of the rifin antigens fur- 
ther suggests that presence at the pRBC surface is a com- 
pelling need. 

Our data do not supporc a direct role of rif products in 
rosecting binding. An accessory function in conjunction 
with the roscttixvg ligand PfEMPI (14, 15) cannot be, how- 
ever, completely disregarded We have previously shown 
chat the trypsin sensitivity of other binding pheno types of 
multiadhesivc parasites, i.e., binding to blood group A, auto- 
agglutinadoa of infected erythrocytes, binding of normal Igs, 
and adhesion to the CD36 receptor correlate with the en- 
zymatic digestion of PfEMPI (18). In contrast, here we show 
that cytoadherence to the endothelial receptor PECAMl/ 
CD31 is a phenotype associated with the presence on the 
pRBC surface of a: least one r^ioiodinatable polypeptide, 
the 35-kD rifin in FCR3S1, but apparendy not to the radio- 
iodinated dornain(s) of the PfEMPI in this parasite. It remains 
a possibility that a oypsin-resistant domain of PfEMPI con- 
tains the CD31 binding specificity. The 35-kD rifin may 
have in conjunction with PfEMPI or not, either a direct 
or an accessory role in che binding of pRBCs co CD31 and 
other receptors. Although binding to PBCAM1/CD31 is a 
feature of only some laboratory-adapted strains (39), the 
excent of this binding trait in natural P. falciparum popuJa- 

) 401 Fernandez ec al. 



tions and its relationship co severe forms of malaria remains 
io be investigated The prominent labeling of a 170-kD 
polypeptide in some isolates and laboratory strains and its 
paucity in nonbinding clones has not escaped our atten- 
tion. Its labeling pattern may indicate molecular abundance 
at the pRJBC surface. In irnmunoprecipitation and Western 
blot assays, this band is neither recognized by antibodies to 
the highly conserved COOH-temiinal segment of PfEMPI 
nor by immune sera that imrnunoprecipitate PfEMPI and 
components of the 30-45-kD rifin cluster from che same 
parasite. It remains to be determined whether the 170-kD 
polypeptide is too antigenically diverse to be detected by 
heterologous antibodies or is not naturally immunogenic. 
Regardless of the function of rifms as well as the origin and 
function of the other novel surface-exposed polypeptides 
described here, their diversity, stability of expression, and 
multiplicity of combinatorial patterns (19 distincc types in 
23 different parasites) suggests a potential for use as an iso- 
late typing tool, conceivably in assays where che expressed 
PfEMPI variant is simultaneously assessed. 

Antigens exposed on che pBJBC surface undergo clonal 
variation at rates of up to 1-2% per generation (28). The 
variant adhesin PfEMPI, which mediates binding of in- 
fected erythrocytes to vascular endothelial cells and to un- 
infected erythrocytes, plays a major role in this antigenic 
variation (3 t 27, 31). Adults living in areas of high malaria 
endemicity have antibodies in their sera capable of reacting 
wich antigenic detcrminancs of many P. falciparum isolates 
from distinct geographic regions (8, 19). These antibodies 
recognize conserved and polymorphic parasite antigens, in- 
cluding PfEMPI (9, 40). Our data indicate that rifin pro- 
teins are located on the surfiice of the pSLBC and, more- 
over, chac these parasite-derived components arc antigenic 
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in the course of a P. falciparum infection, eliciting a substan- 
tial humoral isimune response. Furthermore, we show here 
that human immune sera agglutinate infected erythrocytes 
under conditions such that most, if not all, PfEMPl prod- 
ucts have been removed from the pPLBC surface. The pres- 
ence in sera of agglutinating or opsonizing antibodies reac- 
tive with the infected erythrocyte surface has been shown 
to correlate with protection from lethal disease (8, 41)- This 
prclhriinary data opens a new avenue for studies conducive 
to the eventual elucidation of targets for immune protec- 
tion against P. falciparum malaria. The relative contribution 



of the rifins. PfEMPl , and other surface antigens on the 
pR3C to die triggering of the antibody response, lg classes, 
and immunity buildup have yet to be determined. 

This represents the first report of natural irnrnune re~ 
spouses to surface molecules of iritraeryrhrocytic P. falci- 
parum distinct from PfEMPl . The results indicate that more 
than one family of genes encoding variable surface-targeted 
proteins, perhaps with additional epigenetic generation of 
submolecuUr variation, accounts for the remarkable diver- 
sity generated by the parasite in its host cell. 
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